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: Example sulfur K-edge x-ray absorption near-edge (XANES) spectra used to determine the authigenic sulfide abundance in sediment samples SI-4 -Thermodynamics and the nominal oxidation state of carbon Table S2 : Explanation of terms used in the equations for thermodynamic calculations Table S3 : Pore-water concentrations used for thermodynamic calculations SI-5 - Figure S2 : Linear regression plots for sulfide, NOSC, FeII/FeIII ratio and Org. C. Table S3 : Limits of O/C and H/C ratios for grouping molecular formulas identified with FT-ICR-MS into functional entities. SI-9 -Carbon K-edge near edge x-ray absorption fine structure (C NEXAFS) spectroscopy Figure S1 . Least-square linear combination (LS-LC) fits of normalized bulk S K-edge XANES spectra of two samples from Naturita core M8-1, at 45cm depth (non-sulfidic) and 505cm depth (sulfidic). Sample spectra are shown as black lines, LS-LC fit envelopes as dashed red lines, and fit components as dashed lines in blue for sulfates (K 2 SO 4 and anhydrite), orange for FeS 2 , and brown for elemental sulfur.
SI-6 -Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR-MS)

SI-4
Thermodynamics and the nominal oxidation state of carbon Low molecular weight compounds (<600 Da) 6 , 7 84% 86% † Non-purgeable organic C analyzed by Shimadzu TOC-L analyzer † † Total organic C determined on acid-treated sediment, analyzed on a Carlo Erba NA1500 elemental analyzer Figure S5 . Relative distribution (%) of water soluble C between compound classes (bars) in sediment profiles in comparison with sulfide concentrations (% of sediment dry weight, black line). Bar shading corresponds to an average NOSC within the compound class that is below -0.6 (blue), between -0.6 and -0.3 (green), and above -0.3 (red), respectively, to indicate whether compounds within a class on average have a NOSC that is below the thermodynamic threshold for oxidation with sulfate as the terminal electron acceptor at standard state (NOSC<-0.6) or sulfidic conditions (NOSC<-0.3). Note that the shading scheme used here to indicate the average NOSC is the same as in Figure S3 , but, importantly, the average NOSC here refers to an entire class of compounds, whereas in Figure S3 it is the average NOSC for the individual compound that is indicated by the shading. Figure S6 . Carbon near edge x-ray absorption fine structure spectroscopy (NEXAFS) of bulk sediment samples from Rifle core 748. Sample spectra in blue with traced fits in black. Gaussian peak energy positions used for deconvolution are indicated by vertical lines, assumed to correspond to the following functionalities (from left to right): quinones (284.05 eV), aromatics (285.1 eV), phenols (286.3 eV), aliphatics (287.5 eV), carboxyls/amides (288.6 eV), O-alkyls (289.5 eV), and carbonate (290.3 eV). The resultant relative distribution between functionalities is presented on the right including or excluding carbonates. Boxes depict samples from sulfidic sediments. Figure S7 . C NEXAFS of Rifle core 753. Sample spectra in red with traced fits in black. Gaussian peak energy positions used for deconvolution are indicated by vertical lines, assumed to correspond to the following functionalities (from left to right): quinones (284.05 eV), aromatics (285.1 eV), phenols (286.3 eV), aliphatics (287.5 eV), carboxyls/amides (288.6 eV), O-alkyls (289.5 eV), and carbonate (290.3 eV). The resultant relative distribution between functionalities is presented on the right including or excluding carbonates. Boxes depict samples from sulfidic sediments. Figure S8 . Particle size distribution (% of dry weight), as determined by sieving of unground sediment samples from the five sediment cores. Note that the depth axis is not proportional to actual depth.
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